INTRODUCTION
============

Behçet\'s disease (BD), a chronic systemic inflammatory disease, is characterized by recurrent oral and genital ulcers, cutaneous lesions, and recurrent uveitis. These major findings can occasionally be accompanied by other manifestations, including gastrointestinal, articular, vascular, and neurologic involvement.[@B1] Neurologic involvement has been reported to occur in 2.2% to 49% of BD patients[@B2][@B3][@B4] and is one of the major causes of morbidity in BD.[@B5] Although central nervous system involvement is not infrequent in BD, and symptoms such as headache and cognitive and behavioral changes can occur in BD patients, involvement of the peripheral nervous system is relatively rare.[@B3][@B4][@B6][@B7][@B8] Only a few cases of peripheral neuropathy and myopathy in BD patients have been reported in the literature.[@B3][@B9] However, according to recent studies, peripheral neuropathy is not as uncommon among BD patients as previously thought.[@B3][@B10][@B11][@B12] Articular manifestations are also relatively common, including subacute to chronic synovitis.[@B13]

Carpal tunnel syndrome (CTS) is a representative mononeuropathy caused by entrapment of the median nerve in the carpal tunnel that affects approximately 0.9% to 1.2% of the general population.[@B14] CTS can result from any cause that induces compression or irritation of the median nerve, including synovitis, thickening of the tendon or flexor retinaculum, fluid accumulation, or subsynovial connective tissue alterations.[@B15] Patients with CTS typically present with pain and paresthesia/numbness (intermittent or constant) of the hand along the median nerve distribution. Atrophy and wasting of the thenar muscle can also occur in the advanced stages.[@B15]

By definition, BD is associated with chronic, widespread inflammation and can be accompanied by peripheral nerve involvement; therefore, it is not surprising that CTS can occasionally develop in BD patients. In this study, 14 BD patients who were also diagnosed with CTS were studied. As far as we know, there has been no detailed report discussing CTS in BD patients. The purpose of this study is to analyze the clinical presentation, characteristics, treatment, and prognosis of CTS in BD.

MATERIALS AND METHODS
=====================

Patients
--------

A retrospective review of the medical records of 1750 BD patients in search of people who were diagnosed with CTS between 2005 and 2012 at the BD Specialty Clinic of Severance Hospital was performed. The final study included 14 BD patients diagnosed according to the criteria of the International Study Group for BD and the revised criteria of the BD Research Committee of Japan.[@B16][@B17] CTS was diagnosed based on the patients\' clinical presentation, physical examination (including Tinel\'s sign and Phalen\'s test), and nerve conduction studies (NCS) performed by a neurologist or an orthopedic surgeon.

Assessment of disease activity and severity
-------------------------------------------

The disease activity of BD was assessed based on the patients\' presenting symptoms, using the diagnostic criteria of the International Study Group for BD and the revised criteria of the BD Research Committee of Japan.[@B16][@B17] Patients with ≥2 major criteria with or without any minor criteria were considered to have active disease. The clinical severity of the CTS was assessed by the clinical symptoms and was classified as mild, moderate, and severe according to the degree of paresthesia, numbness/pain, and associated muscle weakness as suggested by the British Society for Surgery of the Hand in 2011.[@B18]

Statistical analysis
--------------------

Analysis was performed using the Statistical Package for the Social Sciences version 18.0 (SPSS Inc., Chicago, IL, USA). Differences were considered statistically significant when the *p*-value was less than 0.05

RESULTS
=======

In our study, all 14 BD patients who had CTS were women, with a mean age of 54.1±8.3 years (range, 45 to 71 years) ([Table 1](#T1){ref-type="table"}). The overall frequency of CTS in our cohort was 0.8%. The high percentage of women in our study may also be the result of the female predominance of BD in Korea.[@B19] The average patient age at the time of disease onset showed a slight difference between the 2 diseases, with onset at 31 to 64 years for BD (mean 44.3±8.7 yr), and at 37 to 64 years for CTS (mean 48.1±8.3 yr). Ten patients (71.4%) had BD as the preceding disease, and 4 patients (28.6%) were diagnosed with CTS before being diagnosed with BD.

Twelve patients (85.7%) were diagnosed with active BD, and two patients (14.3%) were in a stable disease state without any need for systemic medication. With respect to CTS, eight patients (57.2%) were diagnosed as mild, three patients were diagnosed (21.4%) as moderate, and three patients (21.4%) were diagnosed as severe. The three patients diagnosed with severe CTS all had atrophy of the thenar muscle, and five patients (35.7%) had bilateral CTS. The clinical features of the 14 patients are shown in [Table 2](#T2){ref-type="table"}.

CTS was diagnosed with NCS in 12 patients (85.7%). Two patients (14.3%) failed to show any changes on NCS and were diagnosed clinically with CTS. No significant associations were identified between the disease activity of BD and the severity of CTS or between the BD activity and the ability of NCS to detect CTS.

Colchicine was prescribed for 10 patients (71.4%) as the main therapeutic drug for BD. Non-steroidal anti-inflammatory drugs (NSAIDs) were used in three patients (21.4%) for arthralgias or pain control; systemic corticosteroids were used in five patients (35.7%) for uveitis or acute symptom relief. Anticoagulants were administered to one patient (7.1%) for venous thrombosis, and 5-aminosalicylic acid was prescribed for two patients (14.3%) for gastrointestinal symptoms. Topical corticosteroids were available for all patients to help treat mucocutaneous ulcers.

For the treatment of CTS, NSAIDs were used in seven patients (50.0%) for pain control. Antidepressants or anti-epileptic agents, such as benzodiazepines or gabapentin, were prescribed to help reduce neuropathic pain in three patients (21.4%). Three patients who were classified with severe CTS had surgical treatment to release the transverse carpal ligament. Three other patients did not receive any treatment for CTS and were kept under observation only.

DISCUSSION
==========

Although there have been some reports about peripheral neuropathy in BD,[@B3][@B10][@B11][@B12] no studies have focused on CTS in BD. Despite an obvious pathophysiologic relationship between BD and CTS with respect to disease characteristics, studies exploring the relationship between the two entities are lacking. In this study, we retrospectively evaluated the medical records of 14 patients who had both BD and CTS.

BD, which can theoretically involve all sizes of vessels, causes chronic inflammation in various organ systems, resulting in diverse clinical manifestations including mucocutaneous, ocular, gastrointestinal, neurologic, and articular symptoms.[@B20][@B21] Therefore, BD patients can present with various joint symptoms and neurologic symptoms, such as joint pain or swelling, tingling sensations, and numbness. BD patients with such complaints undergo thorough history-taking and physical examinations and are referred to the rheumatology, orthopedic surgery, or neurology departments for further testing. In the present study, CTS was diagnosed based on physical and neurological examinations including Tinel\'s sign and Phalen\'s test. NCS and other radiologic studies were performed and confirmed by a specialist.

The overall prevalence of CTS among BD patients was 0.8% in this retrospective study. Previous reports suggest that the prevalence of CTS among the general population is 0.9-1.2%.[@B14] Given the retrospective nature of the present investigation, there is a greater chance of underestimation of CTS among BD patients in our clinic. Further prospective study is required to determine a precise prevalence of CTS in BD and compare it with that of the general population.

All BD patients with CTS in the present study were middle-aged or elderly females. These findings reflect the general epidemiology of CTS, which develops most commonly in patients between 45 and 65 years of age, with a male to female ratio of 1:3.[@B22] In most patients, BD developed before the onset of CTS. The 10 patients who had BD prior to the diagnosis of CTS had an active disease state, suggesting the possibility of active inflammatory processes additionally affecting CTS development. The remaining four patients were diagnosed with CTS before the diagnosis of BD.

In general, bilateral CTS occurs in approximately 55% to 65% of cases.[@B23] In this study, however, bilateral CTS occurred in only 35.7% of patients. This unusually low percentage might again be a result of the small sample size and have included patients before the other hand was affected. Patients presenting with unilateral symptoms are at increased risk for the development of CTS on the other side and should be followed closely. In the present study, the dominant hand was affected in eight (88.9%) of nine patients who had unilateral CTS. All five patients with bilateral CTS had the dominant hand affected first.

According to our findings, there were no significant associations between the disease activity of BD and the clinical severity of CTS or NCS findings of CTS. These results are similar to previous reports which also showed a lack of correlation between the clinical findings of BD and electrophysiologic data.[@B4][@B12][@B24] Although inflammation created by vasculitis-induced tissue damage and secretion of pro-inflammatory cytokines are involved in the development of neurologic symptoms in BD, non-vascular, nerve-targeted pathologic reactions that may not always correlate with disease activity can also occur in BD.[@B12][@B20] The lack of association between BD activity and NCS findings may be due to subclinical neurologic abnormalities or clinical alteration of the disease status.[@B4] The two patients who had normal findings in NCS studies had a relatively short duration of CTS (3 months and 6 months) compared to patients with detectable peripheral neuropathy. These findings agree with previous studies that mentioned that patients with detectable peripheral neuropathy had a longer duration of disease.[@B4][@B12][@B24]

However, the relatively low frequency of CTS among BD patients, the lack of association between the disease activities of the two conditions, and the frequent involvement of the side of the dominant hand suggest that CTS might simply be caused by mechanical stress rather than BD-related inflammation. Nevertheless, as most patient with CTS in this case series had associated arthritis or vasculitis, they may have been susceptible to inflammation and mechanical stress and subsequent CTS development. Regarding the lack of published evidence supporting this hypothesis, it is necessary to conduct further studies to determine if BD-associated and CTS development are directly or indirectly related.

Colchicine is used frequently for the treatment of BD. Although it is generally well-tolerated, adverse effects including gastrointestinal disturbance, renal dysfunction, myopathy, and peripheral neuropathy have been reported.[@B25][@B26][@B27] Because more than 70% of patients in our study group were on colchicine, the relationship between colchicine and the development of peripheral neuropathy should be considered. However, colchicine-induced neuromuscular toxicity is associated with prominent myopathic features (including painless proximal muscle weakness and elevated creatine phosphokinase levels), mild areflexia, and paresthesias.[@B27] None of our patients experienced any symptoms consistent with colchicine-induced neuropathy.

The treatment of CTS is based on the severity of the disease and the patient\'s preference. Until recently, there was no established definitive treatment.[@B15] Nonoperative methods include oral corticosteroids, NSAIDs, local steroid injection, and splinting.[@B15] Although surgical treatment is more effective than other non-invasive, conservative treatments,[@B28] only three patients (21.4%) in our study underwent surgery. Treatment options may have been based on the clinical severity of CTS and may also reflect the tendency of BD patients to avoid surgery whenever possible. BD patients have a divergent wound healing process with an intense inflammatory response compared to healthy controls;[@B29] therefore, most patients are anxious about abnormal wound healing and pathergy reactions.

In this study, we report our experience of 14 BD patients also diagnosed with CTS. The chronic inflammatory state associated with BD may play a role in CTS development. As medications commonly used to treat BD (colchicine, cyclosporine A, azathioprine, and thalidomide) can have neurologic side effects,[@B30] the physician must be able to differentiate drug-induced complications from other peripheral neuropathies such as CTS.

Although this study had a small sample size and lacked biopsy results, it is meaningful in that it is the first description of the relationship between CTS and BD. CTS can be the presenting symptom of neurologic involvement in BD, but it is more likely that \"inflammation-prone\" conditions of BD can result in CTS as an associated musculoskeletal symptom or can promote the effects of mechanical stressors. CTS can even represent the first symptom of BD. Therefore, it is important to maintain a high degree of suspicion for CTS when BD patients present with wrist pain, tingling sensations, or finger numbness.
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###### Demographics of the 14 Women with Behçet\'s Disease and Carpal Tunnel Syndrome
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                             Range   Mean±SD
  -------------------------- ------- -------------
  Age (yrs)                  45-71   54.1±8.3
  Age of onset (yr)                  
   BD                        31-64   44.3±8.7
   CTS                       37-64   48.1±8.3
  Duration of disease (mo)           
   BD                        4-480   154.9±153.5
   CTS                       3-72    15.7±19.6

SD, standard deviation; yr, year; BD, Behçet\'s disease; CTS, carpal tunnel syndrome; mo, month.

###### Clinical Characteristics of the 14 Patients with BD and CTS
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  Pt. no.                 Sex/age (yrs)     Disease activity/severity   Clinical manifestations of BD   Treatment for BD   Site of CTS        Physical/neurologic examinations   NCS findings   Treatment for CTS             
  ----------------------- ----------------- --------------------------- ------------------------------- ------------------ ------------------ ---------------------------------- -------------- ------------------- ---- ---- --------------------
  1                       F/51              Active                      Mild                            O, G, S, E, A      Colchicine         Rt                                 Tinel (+)      \-                  \-   \-   NSAIDs
  NSAIDs                  Phalen (+)        Antidepressant                                                                                                                                                                    
  Systemic steroid                                                                                                                                                                                                            
  2                       F/71              Inactive                    Mild                            O, A, H            None               Rt                                 Tinel (+)      \-                  \+   \+   NSAIDs
  Phalen (+)                                                                                                                                                                                                                  
  3                       F/54              Active                      Mild                            O, S, A, GI        Colchicine         Bilateral                          Tinel (+/+)    \+                  \+   \+   Observation
  5-ASA                   Phalen (+/+)                                                                                                                                                                                        
  4                       F/46              Active                      Moderate                        O, G, S, A, GI     5-ASA              Rt                                 Tinel (+)      \+                  \+   \+   NSAIDs
  Phalen (+)              Anti-epileptics                                                                                                                                                                                     
  5                       F/47              Active                      Moderate                        O, G, S, A         Colchicine         Rt                                 Tinel (+)      \-                  \+   \+   Observation
  Phalen (-)                                                                                                                                                                                                                  
  6                       F/62              Active                      Mild                            O, G, S, E, A      Colchicine         Rt                                 Tinel (+)      \+                  \+   \-   Anti-epileptics
  Systemic steroid        Phalen (+)                                                                                                                                                                                          
  7                       F/61              Active                      Mild                            O, G, S, E, A      Systemic steroid   Rt                                 Tinel (+)      \-                  \+   \+   NSAIDs
  Phalen (+)                                                                                                                                                                                                                  
  8                       F/54              Active                      Severe                          O, S, A, V         Colchicine         Bilateral                          Tinel (+/+)    \+                  \+   \+   Surgical treatment
  Antithrombotics         Phalen (-/+)                                                                                                                                                                                        
  Thenar muscle atrophy                                                                                                                                                                                                       
  9                       F/55              Active                      Mild                            O, G, S, A         Colchicine         Lt                                 Tinel (+)      \+                  \-   \+   NSAIDs
  Systemic steroid        Phalen (+)                                                                                                                                                                                          
  10                      F/51              Active                      Mild                            O, G, S, A         Colchicine         Bilateral                          Tinel (+/+)    \+                  \+   \+   NSAIDs
  Systemic steroid        Phalen (-/+)                                                                                                                                                                                        
  11                      F/45              Active                      Mild                            O, G, S, A         Colchicine         Lt                                 Tinel (+)      \-                  \+   \+   NSAIDs
  Phalen (+)                                                                                                                                                                                                                  
  12                      F/67              Inactive                    Severe                          O, A, H            None               Bilateral                          Tinel (+)      \+                  \+   \+   Surgical treatment
  Phalen (+)                                                                                                                                                                                                                  
  Thenar muscle atrophy                                                                                                                                                                                                       
  13                      F/45              Active                      Moderate                        O, G, S, A         Colchicine         Rt                                 Tinel (-)      \-                  \-   \-   Observation
  NSAIDs                  Phalen (+)                                                                                                                                                                                          
  14                      F/49              Active                      Severe                          O, G, S, A         Colchicine         Bilateral                          Tinel (+)      \+                  \+   \+   Surgical treatment
  NSAIDs                  Phalen (+)                                                                                                                                                                                          
  Thenar muscle atrophy                                                                                                                                                                                                       

BD, Behçet\'s disease; CTS, carpal tunnel syndrome; NCS, nerve conduction studies; O, oral ulceration; G, genital ulceration; S, skin lesion; E, eye lesion; A, arthralgia; V, vascular lesion; H, headache; GI, gastrointestinal symptoms; NSAIDs, non-steroidal anti-inflammatory drugs; 5-ASA, acetylsalicylic acid.

^\*^Amplitude of compound muscle action potential and sensory nerve action potential.
